Summary. The fertilizing ability of mouse epididymal and capacitated spermatozoa was tested by mixing with normal or zona-free ova. In the presence of Zn2+, the epididymal spermatozoa failed not only to penetrate the zona pellucida but also to fuse with zone-free ova, while no effect was observed on capacitated spermatozoa.
Introduction
Prior to fertilization, spermatozoa undergo a series of physiological and morphological changes in the female reproductive tract (Austin, 1951; Chang, 1951) . The zona pellucida is believed to help block polyspermy and protect the vitellus (Piko, 1969; Aonuma, Okabe, Kawai & Kawaguchi, 1978a) . Studies to examine the interaction between spermatozoa and the zona pellucida (Hartmann & Gwatkin, 1971; Hartmann, Gwatkin & Hutchinson, 1972; Hartmann & Hutchinson, 1974a, b) have suggested that sperm capacitation may be a process of acquiring the capacity to penetrate the zona pellucida (Austin, 1965; Pavlok & McLaren, 1972) .
We have shown that Zn2+, which exists in high concentrations in the prostate, semen and spermatozoa, suppressed mouse sperm capacitation in vitro (Aonuma, Okabe & Kawaguchi, 1978b) . The present study involved the suppression of capacitation by Zn2+ and investigation of the fertilizing ability of the spermatozoa when incubated with zona-free ova.
Calcium is known to be essential for the fusion of spermatozoa and ova (Iwamatsu & Chang, 1971; Johnson, 1975; Miyamoto & Ishibashi, 1975) . Yanagimachi & Usui (1974) claimed that spermatozoa failed to undergo an acrosome reaction and the activation process in a calcium-free medium. Therefore, the fertilizing ability of spermatozoa preincubated in a calcium-free medium was also examined in the presence of Zn2+.
Materials and General Methods
The spermatozoa were obtained from the cauda epididymidis of mature DDY mice (weighing 35-40 g) as previously reported (Aonuma et ai, 1978b) . A modified Krebs-Ringer-bicarbonate (m-KRB) solution (Toyoda, Yokoyama & Hoshi, 1971) was changed by altering the pH from 7-4 to 8-0 (Aonuma, Okabe & Kawai, 1976) The fusion of spermatozoa to zona-free ova has been studied in mice (Pavlok & McLaren, 1972; Wolf, Inoue & Stark, 1976) and many other mammals (Yanagimachi, 1978) , and the results indicate that plasma membrane in the post-equatorial segment is important for fusion. A change of membrane fluidity in the postnuclear cap region during capacitation has also been reported (Barros & Franklin, 1968; Barros, 1974; Barros & Berrios, 1977; Barros & Herrera, 1977; Yanagimachi, 1978) . It is therefore likely that Zn2+ inhibits the membrane change in this region. However, it has also been suggested that the sperm trypsin-like enzyme participates in an acrosome reaction (Meizel & Lui, 1976; Lui & Meizel, 1979) and that the acrosomal enzymes may play a role in the modification of the postnuclear cap region (Barros, 1974) . It remains to be determined whether or not the effect of Zn2+ on sperm-ova fusion is independent of an acrosome reaction. Since the zona pellucida was removed by enzymic treatment, an artificial change in the membrane might be inevitable. However, according to Hirao & Yanagimachi (1978) , zona-free ova prepared in various ways (including enzymic treatment) showed no difference in fertilizing ability.
As shown in Exp. IV, spermatozoa preincubated in Ca2+-free medium remained sensitive to Zn2+, but lost this sensitivity after 20 min when incubated in normal medium. This suggests that the spermatozoa had not accomplished capacitation during the preincubation in Ca2+-free medium and needed to spend about 30 min in the normal medium to become capacitated. However, when spermatozoa preincubated in the Ca2+-free medium were introduced to the ova in the normal medium, sperm penetration occurred within 10 min after the insemination, indicat¬ ing that the spermatozoa preincubated in Ca2+-free medium achieved capacitation before the spermatozoa had lost their sensitivity to Zn2+. It is not clear how many steps are involved in the capacitation process, or in how many steps Zn2+ has a regulatory activity. However, based on the results showing that the Zn2+ has no effect on capacitated spermatozoa, an interaction between the decapacitation factor(s) which is (are) released from the spermatozoa during capacitation (Aonuma et ai, 1973) and the Zn2+ is highly probable.
